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# The CDF Run II Physics program

@ The CDF Il experiment has been running since 2001, pursuing a very rich and broad
physics program, which is probing many facets of the Standard Model and its possible
extensions over a wide range of processes, whose cross sections span ~10 orders of

magnitude: _
Tevatron Run |1, pp at \s = 1.96 TeV
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» direct searches for physics beyond 1 -
the Standard Model. 107 I
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%Hea,ygbvi W, 2 Wy F et 2 A,

M,=165 GeVlc’

@ This talk will give an overview of the above
topics, focusing on the most recent results.
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# The Tevatron accelerator
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The CDF detector
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2= QCD

@ |nformation on the partons which partake in the strong interactions is accessed
via the jets reconstructed in the detector:

* tests of pQCD predictions;

* investigation of the structure of proton outgoing parton(s)
and antiproton (PDFs);

¥ precise measurement of total and
differential cross-sections;

v diffractive studies.

proton @

9 anti-proton

@ Fundamental knowledge necessary
for new physics searches and

: () precision measurements.
outgoing parton(s)

» n this talk: Z/y* + jets and hyperon production.

P More results in the QCD and Final States Session (N. Moggi, A. Paramonov, S. Moed) and
Small-x and Diffraction Section (J. Huston).
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@ High-p, muon data sample with 2.4 fb™,

»66<M <116 GeV/c?;
» 0.7-cone midpoint jets with E>30 GeV and
lyl<2.1.

@ Results compared to NLO pQCD predictions.

CDF Run Il Preliminary
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@ Selected events with two opposite-sign muons:
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Hyperon production

R CDFRun Il Preliminary CDF Run Il Preliminary
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# B Physics

@ CDF Heavy Flavor Physics program
iIs complementary and competitive

with B-factories'

Jet
¥ Masses, .
> lifetimes. Displaced tracks

» decay widths and branching

fractions, Decay lifetime B Qj
» CP stmmefriesl Lxy 3 // Secondary vertex
> rare decays Primary vertex 4 /
properties. /
>
d0 v @ coqls:

Prompt tracks
* precise tests of the Standard Model;

* indirect evidence for new physics
from higher order loops.

» |n this talk: b-hadron lifetimes and B —uuX, rare decays.

P More results in the Heavy Quark Session (T. Kuhr).
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# b-hadron lifetimes

@ Reconstructed modes in 4.3 fbo': B*=J/yK*, B™=J/wK’, B’>J/wKg, Ay—1/wA°.
@ 1 extracted from a simultaneous unbinned maximume-likelihood fit to M, ct, o ;.

@ b-hadron decay position estimated from the J/y reconstructed vertex.

— -1
CDF Run |l Preliminary 4.3 fb t(A%) measurements

E F - Data
8 I Signal
L] -
£10° Bkg
E": = — Signal+Bkg

B ALEP EP| C2 197 —— 1.21+0.11+0.00

102 OPAL PL B426 161 L = i 1.29%02%  .+0.06

= DLPH EPJ C10 185 ——— 1.117%1%,,5+0.05

= CDF | PRL 77 1439 =t 1.32+0.15+0.07

B DO Il PRL 99 142001 - 1.218%0130 ...+0.042

10 DO Il PRL 99 182001 ——— 1.290%%120 5 110008 ey
E CDF Il PRL 98 122001 JApA (1.0 fb™) 1.593%%083 | -2+0.033
- CDF Il 9406 At H-4-H 1.401+0.046=0.035
CDF Il 4.3 fb? H- 1.537+0.045+0.014
1
PD(IEOB: 1.23x0.074 | | |
ol | | I I | ! | L1
015 01 005 -0 005 01 015 02 025 03 035 0.5 1.0 1.5 2.0
ct (J/w A) [em]

@ \World most precise lifetime determinations: ¢ lps)
T(B*) = 1.639 + 0.009,,, + 0.009, ,, ps T(B*)/T(B?) = 1.088 + 0.009,, = 0.004_
T(BY) = 1.507 + 0.010,,, + 0.008_, ps T(A)/T(B?) = 1.020 £ 0.030,, + 0.008,
T(A,) = 1.537 £0.045,,, £ 0.014 ps » Expected: T(B*)/T(BY) ~ 1.04-1.08

T(A\,)/T(B%) ~ 0.83-0.93
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# Rare decays B — puX;

@ B+ _)uuKJrl B() _)uuK()*l Bs _)uuqb in 44 fb] CDF Run Il Preliminary L=4.4fb’

- Yield:27 = 6 (31 expected)

N
N

] bﬁsllu FCNC processes: Em;—Mass:5365i5MeWc2
' . C . 18f B2 gut
¥ new Physics could modify rate or decay distributions. g f + Data
3 161 — Total Fit
o, , 14 ---- Signal
@ First observation of B, —uud: Background

—
L]
T

BR(B,) = (1.44 + 0.33__ + 0.46__)x10*

syst

@ B* —»uuK* and B? —uuK: measurement of muons FB

asymmetry and K’ longitudinal polarization.

[ + |‘+ | |

5 51 52 53 54 55 56

5.7

@ Result competitive with B-factories. M(uut) (GeVic?)
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L i - I | T *
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# Top quark

@ The top quark is unique because of its large mass: 1/

¥ provides a testing ground for the validity of the Standard Model; J
v dominant conftribution in quantum loop corrections.

jet
@ The CDF top sample allows to g .
investigate exhaustively the properties }\\m 4
of the top quark:

* fop mass measurement;

* 1t production cross section;

¥ single top production cross-section;

¥ top properties: decay width, lifetime,
spin, helicity, charge
asymmetries.

Proton —» <— Antiproton

e -'.- "

P More results in the Heavy Quark Session (J. Adelman

and G. Compostella) and Electroweak session (S. Leone)

» |n this falk: top mass, decay width
and spin correlation.
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# Top mass

® Fundamental parameter of the SM: used in electro-weak predictions,
with W mass constraints the Higgs boson mass.

@ | epton + jets sample with 4.8 fo™:
¥ matrix-element based measurement;
¥ neural network for background discrimination;
¥ in situ W—jj jet energy scale (JES) calibration.

| Neural network discriminant |

CDF Run Il Preliminary 4.8 fb"

s [ o~ =
E 0-12__ —— signal m=160 .E. 0.8—
E - —— signal m=170 i C
S 01 —— signal m=180 <Z]—' 06—
b B L R W+bb background -
- ___:L“':__:;_._.i ----- W-+light background 0.4
0.08—; -4 I QCD background -
B ' 02—
0.06\— : -
C 0
0041~ 02 — A(lnL)=-05
0.02k= 04 —A(nL)=-2.0
B F — A(nL)=-45
o 1| | | | I | I | ‘ 1111 ‘ 1111 ‘ | | ‘ 1111 | 1111 ‘ 1 -\ -0‘6 [ 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1
0 0.1 0.2 0.3 04 05 06 07 08 09 1 170 171 172 173 174 175 2
Neural net output |"|'|l (Ge\ﬂc )

m,=172.8 + 0.7, £ 0.6, = 0.8, GeV/c’

@ Result equals in precision the 2009 Tevatron combination!

M. Casarsa Latest Highlights from CDF = DIS 2010



# Top width

@ Check consistency with SM, limits on t—=H'b, t—-Waq, ...

@ Template-based measurement: 7 ;j

¥ lepton + jets sample with 4.3 fo'; - b;

* two-dimensional femplates: M;, M;
¥ simultaneous constraint of jet energy scale using W jets.

2-tag Lepton+Jets

0 [ w0 L
E 0.:!: QE 1_— CDF Run Il Preliminary 4.3 fb” + -log{L) =05
30.08:_ — T, =15GeV
- —T_=10.0GeV
0.06| top
i — T, =200GeV
0.04}
0.02}
LI_ PRI I T S ST TR N ST S S J —_— : IS U (T R T N R S S AN SO S S SR WY S
150 200 250 300 50 o 2 4 6 s 10
M° (GeV/c™) b (GeV)
@ Upper limit on top quark width:
[y <7.5GeV @ 95% C.L. = T, >87x10"s @ 95% C.L.

0.4GeV<T, <44GeV @ 68% C.L.
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# Top spin correlation

@ Top decays weakly before hadronization, spin conserved in top decay:
¥ spin correlation between top and anfi-fop could be modified by new physics.

@ | epton + jets sample with 4.3 fo '
+ exploits the helicity angels of lepton, d, and b quarks;
+ simultaneous likelihood fit of cos(¢,)cos(9,) and cos(3,)cos(9,,).

\ Helicity Angle Bilinear Cos(6)*Cos(6,) , Fit Result | ‘ Helicity Angle Bilinear Cos(6)*Cos(8,) , Fit Result |
1] S B B BN B BN BN B BN B D e e e e L e B B B
- - -1 = - =
220  CDF Run ll preliminary L=4.3 tb I:I Cppesite Helicity (OH)  —] 200F-  CDF Run Il preliminary L=4.3 fb™ I:I Cppesite Helicity (CH) ~ —]
200;— + - Sama Helicity (SH —; gnuf_ - Sama Helicity (SH _f
180 [ esckereuns E 180 e E
160 = 160 =
= —@— Data = o —@— Data 5
140 — = —
1 S for: 0.80 +/-0.25 +/-0.08 41401 f,,:0.80 4/-0.25 +/-0.08
5120:— = 8 120F 3
100 = " 100 =
80— — n:_ =
60— = 60 =
40F- = a0F- =
201 = 20 =
ﬂ_' - L= n: 1 11 I 111 I 11 | L1 I L1 | L1 L =
1 08 -06 -04 02 0 02 04 06 08 1 1 08 06 -04 02 0 02 04 06 08 1
cos(6,)"cos(d,) cos(6,)*cos(d,)

@ Opposite spin fraction:

f,=0.80+0.25_ +0.08

sta syst

@ Spin correlation coefficient:
k=2f,—1=0.60 £0.50_ +0.16

Syst
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# Electroweak

@ The study of the massive weak W and Z bosons and the photon:
* test of the Standard Model and indirect constraints on new phenomena;
¥ improved background understanding for searches.

@ CDF program:

* W mass and width;

* W and Z/y* cross-sections;

* W+y and Z/y*+y cross-sections;

* WW/W/Z/// production
Ccross-sections;

¥ rare W decays: W —-ny;

¥ search for anomalous triple
gauge couplings.

» |n this talk: Z/y* rapidity, WW/WZ production, Zy production.

P More results in the Electroweak Session (G. Chiarelli).
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# Z/y* rapidity

[]Data

QCD Background CDF Run Il with JL =2.1fb"
I EWK Background

@ do,,,./dy distribution measured in 2.1 fb
using Z — ee events;

10"

T IIIIIIII II

. 10°
@ Total production cross-section:

Oy, =256.6 £0.7, +2.0,, pb
@ doy,,-/dy shape compared to NLO and NNLO 10

QCD calculations: best description of the |
data provided by the NLO CTEQ6. 1M PDF. o e'e Pair Rapidity

10°

Number of Events/0.1

g
a

- . i B - CTEQB.1M (3 = 29/27, CL=0.408).
70ata, c .'?.'f...@?..'_'__'_‘ff'_?h_[__'7__7__?7_1_1_‘? _____ - CTEQ6.6M (° = 35/27, CL=0.184)
- st 1.3¢ CTEQ6.8M PDFs Uncertainties &
BOF- o T : CTEQSL/CTEQS. 1M
E E : stat E" 1 2:_ .............................................................. ............... 1 ..............
R - T S —— g C CDFRunll WithI L=21fb X
> - = -
g T | S U S SN < SN S t 1 1__ ..................................................................................................................
N - « C
. g | = -
% 30; BB{MTE{HB ............................................................ 3 1$¢@¥ Fatet L §'¥§* |
© pof © Posiiverapidity oy F $ 1]
- = Negative rapidity 0.9} .
10[-ne luminosity uncertainty included ... 5 -
- Only statistic uncertainty considered 08— . | P B RPN B P
_I L L ' | L L 'l L | L 'l L L | L 'l L L I ' L L L I L
Dﬂ 0.5 1 15 2 25 0 0.5 1_ _ 1.5 . .2 2.5
e‘e” Pair Rapidity e*e” Pair Rapidity
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o WW/WZ - v, jj

@ Observation of WW/WZ in the lepton + jets final state; Ogy=15.1+0.9 pb

@ Two analyses use different discriminants:

» the jet-jet invariant mass M; (4.3 flo'):

Owwwz = 18.1 3.3, £2.5_, pb
» event probability based on a matrix element technique (4.6 fo'):
+3.3
O-WW/WZ - 16.5 _30 pb
gy - -1
CDF Run Il Preliminary jf_ dt =4.30 fb CDF Run Il Preliminary, L=4.6 fh'1 lww+wz
ri‘:? | x2Indf = 25.63!36 *— Muon Data T EI:II} """"" Tweets
:é; B VVtiers 4 [ 150 |:|Non~W
Il ocD 10° E
= 520 I Z+jets . 0 F 540 100 P z+jets
¥ 1000 | — gt : » j
= | . WWAWZ 34 : W
Lglj L - ZZ d '?J.T 075 08 085 08 085
= 1 B
B =
500 2
i L
Um_zoo 0 02 04 06 08 1
M, GeV/c? Event Probability Discriminant
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# Zy production

@ 7y direct coupling is forbidden in the Standard Model:

G ¥
* SM only contributions from ISR and FSR. Llyz
@ Search for Zy with Z—ee and Z—uu in 5.1 fo'', 5
@ Photon E; spectrum sensitive to anomalous couplings.
CDF Run Il Preliminary (5.1 fb™) B Data CDF Run Il Preliminary (5.1 fb™) el
_E — h,ZZy = 0 (SM) template N n.ua: )
E B —— h, ZZy = -0.08 template :?- [}.0_6:_ — 5t CL
“ ——— h, ZZy = +0.08 templata C * Standard Model
* 10 = [ v take distn 0.041—
- [ tepton take distn n.uzf—
1 C
0
Al 002
: 0.04
.__ . 006
10 S . e 5o o0 om0 o0z 00 005 008
10° 10° hy, Zyy

Photon E; (GeV)
@ Set limits on anomalous neutral triple gauge couplings ZZy and Zyy (@ 1.2 TeV):
lh,l < 0.038 lh,l <0.0017
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# SM Higgs direct searches

SM Higgs production

@ The Higgs boson represents the missing piece . Tev I
of the Standard Model. o [fb] N

@ From indirect constraints and global EWK IOZ\\

fits indications of a relafively light Higgs. - won
10 qq — Zh
@ Tevatron experiments sensitive to the mass 0 _l“ﬂxa
range 100-200 GeV/c?. | L sy i

100 120 140 160 180 200

m, [GeV]

@ Search strategy driven by the dominant Higgs 140 GeV
decay mode: — -~/ >

........

* H- bb for M, < 135 GeV/c? (low mass);
* H— WW* for M, > 135 GeV/c? (high mass).

BR for SM Higgs

» |n this falk: new CDF results in the low and
high mass searches, Tevatron a0 ) AN I
. ' 50 100 200 500 1000
combination. Higgs Mass  (GeV)
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@ WH — fv,bb with 4.8 fo™:

+ one of the most sensitive

channels at low mass;

¥ discriminant: event prob.
based on the LO Matrix

Element calculation.

CDF Run Il Preliminary, L = 4.8 fb'1
SVSV

Candidate Events
. 3 3 3

iy
<
N

—
<
(&)

0 0.2 0.4 0.6 0.8

Event Probability Discriminant

—

Low mass SM Higgs

@ H - yy with 5.4 fo™;

Number of Events

v

#

#

clean signature, but very
low BR in SM;

BR enhanced in BSM
scenarios;

M,, used as a discriminant:

few GeV/c? resolution;

h— vy signal at Mh=120.0
[ Signal scaled to expected limit (19.4 x SM)
— — —- Signal scaled to observed limit (22.5 x SM)
—s—— Data
[ Background Model

CDF Run Il Preliminary

d

}

-
=y
o
-
=
o

120

=
N
«n

@ 95% C.L. Upper limits on H production cross section:

At M, =120 GeV/c?:
» expected =4.7 X oy,
» observed =3.9 X og,

At M, =120 GeV/c?

» expected =18.4 X oy,
» observed =22.3 X oy,

@H- rrwith2.3 o™

* new T ID based on BDT:;
15-20% improvement;

v different BDTs frained against
different bkgs and combined.

CDF Run Il Preliminary [ Ldt=2.316
£ [M=120 Gevic? e i
g 3|>1 jet channel [ FINR
(¥} 1 0 E Zee
: -Z S
2L Dfa.esfrom SSdata
10 E I:Iaddcn‘u"hjets
C = . D‘D
i _ ' l:ldiboson
10 ;‘ ’1_,:::-‘_‘( [ signalx 100
- a N
1F R - -4
10—1 E_ Jzzq::::
10_2 E I ||—||_—|I_I|_I_|\_I L | T
-1.0 -0.5 0.0

BOT output (minimum score)

At M, =120 GeV/c2
» expected =20.8 X oy,
» observed =23.2 X og,

M. Casarsa
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@H->WW*- v, t'v, with
4.8-54 fbo:
+ 2 leptons + missing E;;
¥ most sensitive channel.

High mass SM Higgs

I L=53fb"

Events / 0.05
g

40

@ To improve S/B separation,
search split in sub-analyses:

CDF Run Il Preliminary

[ OS 0 Jets, High S/B
[ M, = 165 GeV/c?

-1 -0.8

[F T T [ T T T [ T T T [T T T[T TT]

-0.6 -

¥ opposite sign €'+ 0, 1, =2 jeTs;-
* opposite sign €' and M, < 20 GeV/c?;

¥ same sign tt' + 1 jet;
* three lepton channel;
* lepton + hadronic tau.

@ ANN and BDT as discriminants.,

@ 05% C.L. upper limits on o/ogy:

At M, = 165 GeV/c2

» expected
» observed

1.02 X og

1.11 X og,

Wi
-y
it

0.6
NN Output

0.8 1

CDF Run Il Preliminary

60

40

20

CDF Run Il Preliminary

J-Ldt=4.afb’1

| et channel
I m, = 165 GeV/c’

® data (4.8 fb)
20 % H> WW
[ dijetyy+jet
I Drell-Yan
I W+ijet
Wy
Bl wwiwzizz
[

[ total Bkg error

r 0. 0.6
BDT output

i.-l L I-;"T-I Ll I L

.....::::::: =+= High Mass Expected -

: == High Mass Observed

j L=531h"

130 140

150

160 170

190 200

Higgs Mass (GeV)
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Tevatron combination

Tevatron Run Il Preliminary, L=2.0-5.4 fbo

I||I|||
__LEI?__Echusmn Tevatron. .
Exclu3|on
CELLL Expected : ; ,
10 jZj":'"""ijijb'Ser'V'Ed'"""ijjjiijjjjjjjjjjjjj% ijjjjjjjjjjjjjiijjjjjjijjjjjjéjjjjjjjjjjj._

..............................................................

.......................................................................................................

95% CL Limit/SM

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TAVAYAV.

Now?mber 6, ?009

"'I.I'II1IIIItIIII1IIII|I\II3 I — I —— L

100 1"10 120 130 140 150 160 170 180 190 200
mH(GeV/c )

ForM, =115 GeV/c?
05% C.L. exclusion of

» expected limit = 1.8 X oy, the mass range
» observed limit =2.7 X o, 163 <M, < 166 GeV/c?
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# BSM searches

@ Besides trying to unhinge the Standard Model with precision measurements which
could reveal inconsistencies in its predictions, CDF is also pursuing an extensive
direct search for exotic processes that do nof fit in the SM framework.

Standard particles SUSY particles

Higgs

particles

» |n this talk: search for a MSSM Higgs, exotic dibosons, CDF and D@ constraints
on a 4™ generation.

P More results in the Electroweak Session (C. Hays, F. Garberson, S. Somalwar).
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# MSSM Higgs: ¢ — bb

@ Cleanest experimental signature from b¢ — bbb channel. guwf COF un L Primnary
-
@ Selected sample with 3 b-quarks in 2.5 fbo™', using a el = o
secondary vertex tagger: §1m: Wm0
*» flavor separator x4 defined using the displaced ‘:::

verfex masses in b-fagged jets: m +m_and m,.
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@ 95% C.L. upper limits on production cross section: 2 1000
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# Exotic dibosons

@ Search for massive resonances decaying to WW/WZ:

¢ electron + MET + jets sample with 2.9 fbo!;
* full invariant mass reconstruction with weights for 2 possible solutions.

@ 95% C.L. limits set on production o for the resonance hypotheses R/S gravitons, W’, Z".

—Data

£10° = ) CDF run Il Preliminary 2.9fb™
g = CDF run Il Preliminary 2.9fb 5 10c
— o —
& - 3 F
R10°= g |
ST 8
£ r n BT
g N
= 2 r
- 107
1 c
B 10—2 o5, (NLO, PRD 66 075011 2002)
10—1 E E — g 0, Data Limit
E C Ogss, EXpected Limit
C | [ Oege, Expected Limit +1g
— . |:| Oy, Expected Limit +2¢
10-2“||“ I“l“ll‘ll‘lllllll 10‘3 \\I\\IIII\IIIIIIIIIII\'II\\‘II\\\II\‘\III'III
0 100 200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000

WW Invariant Mass (GeV) W’ mass (GeV)

@ By comparing the limits with the theoretical cross sections, mass exclusion regions:

G* L W’
Expected exclusion | <632 GeV | 257 — 630 GeV | 381 — 421 GeV
Data exclusion <607 GeV | 247 — 544 GeV | 285 - 516 GeV
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# CDF + D@ constraints on a 4™ generation

@ Standard Model ¢gg — H production mechanism:

CDFRun I [L-a8m’
t g m,, = 200 GeV
g t . I%120:— + Wy
g f 100
80—
¥ proceeds through a quark loop; 60
* dominant conftribution from the top quark. 10
@ /i - - 201
4™ generation fermion models: - | | g
e \ \ \ 0_ Lol J_~ Ao .1_...u ;..i. .;----1_ =l \--»-: S =y !
* additional heavy particles contributions; TSR e e e Ne‘f,fa. Network Output
¥ production cross-section enhanced by ~9,
WW* still dominant decay at high mass. Al om0 Run'HPrehm'mary b Expected
A L"—'Lt’”s ______ i — Observed
. | . . | T I tlo Expected
@H - WW* >tv,t'v, channel with 4.8 fo™ SEy T A A B | foBqgeeed

. . v 4G A
» same techniques as in SM H — WW* search. AGLove Mas)
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@ CDF and D@ combined 95% C.L. upper limits
on the production cross-section.
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@ Excluded at 95% C.L. the mass range: SIS SN e = S RS VR S PR S P
120 140 160 180 200 220 240 260
130 < m,, < 210 GeV/c2. m,(GeV)
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# Conclusions

@ The Tevatron and the CDF detector
are performing very well.

@ Datasets keep growing on tape:
>10 fb' are expected by 2011.

@ Measurements precision scales
better than 1/4 | < dt .

@ Currently CDF is sensifive to processes,
whose cross-sections are <1 pb.

The siege to the Standard Model
confinues relentless.

M. Casarsa Latest Highlights from CDF = DIS 2010



Back-up slides




JE
R

Integrated Luminosity (fb™)

12—

10

CDF Run II integrated luminosity

Tevatron Delivered
—— CDF (good)

/

2003

2004

2005

2006 2007 2008

2009

2010

2011

2012

M. Casarsa

Latest Highlights from CDF = DIS 2010



JE
R

Integrated luminosity (fb")

13

12

11 —

10

\9\&

— Running through FY11 would yield

~10 fb~' of data for analysis

FY10 start

Real data for FY02-FY09 —
>

u Highest Int. Lum

¥ owest Int. Lum

5 O vl
\790 \\,‘ﬂ' \'\,\100 D‘\’L\log \’L\lgo \’5\7'00 \5\"’ B \7’00

2d!
ol

time since FY04

O QO 0O A
w"" % s oo™ o e un® an®

AN

M. Casarsa

Latest Highlights from CDF = DIS 2010



# Expected limit projections

@ CDF projections for the expected upper limit on the SM Higgs boson production
cross section at M, = 165 GeV/c*
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# Expected limit projections

@ 2xCDF projections for the expected upper limit on the SM Higgs boson production
cross section at M, = 115 GeV/c*

2xCDF Preliminary Projection, m,=115 GeV
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